Although the existence of seminiferous tubule contractions attributed to peritubular myoid cells is established, the control of the contractions is poorly understood. In this communication, it is shown that the rat seminiferous tubule responds to autonomic drugs and to stimulation of the perivascular nerve running along the spermatic vessels, by means of recording the intratubular pressure with a servo-null micropressure measuring device. Furthermore, the presence of nerve fibers close to the myoid cells is shown using a silver impregnation technique. Furthermore, the nature of the neurotransmitter contained in synaptic vesicles using 5-hydroxydopamine and L-DOPA as markers of adrenergic nerve elements with electron microscopy is shown in this report. It is concluded that there are adrenergic o -and f3-receptors and muscarinic receptors in myoid cells of the rat seminiferous tubule and that the contractions of seminiferous tubules are regulated by adrenergic nerve fibers. adrenergic innervation ; myoid cell ; seminiferous tubule
The peritubular tissue (lamina propria) of seminiferous tubules from all mammals that have been examined to date contains cells that resemble smooth muscle, namely, myoid cells. These elements have been described in the rat (Niemi and Kormano 1965) , human, mouse, hamster, rabbit, cat, sheep, pig and guinea pig. Contractility of these cells was first documented by Roosen-Runge (1951) , who employed cinematography to record the motility of seminiferous tubules of rats and dogs. Many subsequent reports have dealt with the anatomy of these cells without attempting to record contractile events. The question of the regulation of these contractile movements has long remained unclear. Thus, it is significant to investigate the neurohumoral regulatory mechanism of the contractions of these cells and provide reasonable anatomical explanation for the innervation of contractile cells.
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MATERIALS AND METHODS
Pharmacological experiments were performed on seminiferous tubules of Wistar rats weighing between 200-300 g in vitro or in vivo. In vitro : After sacrifice of animals a testis was removed, decapsulated and several tubules were immediately transferred to Tyrode solution previously bubbled with 95% 02 and 5° COZ. A single tubule was then tied to the cork platform (diameter 4 mm) by a fine thread and placed in a 5 ml organ bath. The temperature of the bath was maintained at 33°C. In vivo : The rats were anesthetized with an intraperitoneal barbiturate (Nembutal, Abbot) injection. A single testis was exposed with its spermatic vessels, decapsulated and a pair of Ag-AgCI ring electrodes were placed around the spermatic artery (site of the spermatic nerve) for perivascular nerve. stimulation with A.C. (pulse duration, 1 msec ; intensity, 3 V ; frequency, 50 Hz) for 5 sec. Only testicular parenchyma was placed in an organ bath.
Intratubular pressure (ITP) was recorded with a servo-null pressure measuring device using microelectrodes filled with 2 M NaCI colored with Lissamine green. The electrodes were bevelled and their outside diameters at the tips were 2-5,um (tip impedances : 1-3 megohms). They, held in a micromanipulator, were inserted longitudinally from above into the tubules under visual control using an Olympus stereozoom microscope (Olympus Optical, Co., Ltd., Tokyo). They were connected via a pipette holder with an Ag-AgCI as well as an Ag-AgCI reference electrode to the input of a Model 900 micropressure system that was designed to measure hydrostatic pressure in limited volume biological compartments (W-P Instruments, Inc., New Haven, CN, USA). This output was displayed with a pen recorder at a paper speed of 2 cm mm. Successful insertion into lumen of the seminiferous . Acetylcholine (10-9 g/ml) and noradrenaline (10-g g/ml) produced the minimal response. Acetylcholine (3 x 10-6 g/ml) and noradrenaline (10-6 g/ml) produced the maximal response.
tubule was confirmed by rapid washout of dye injected through the micropipette. After stable pressure had been obtained, the responses to autonomic drugs and to electrical stimulation were examined. When the electrode tip was blocked with cell debris or sperm, a small amount of NaCI solution was then ejected by increasing pressure inside the electrode to maintain a clear channel in the tip. Each drug dissolved in Tyrode solution was added to the organ bath in an amount of 0.1 ml. For histological investigation of innervation of myoid cells we used an indirect immunostaining technique (Owaribe and Hatano 1975) , a silver impregnation technique (Sano 1981) and 5-hydroxydopamine and L-DOPA, `false adrenergic neurotransmitters', as markers of adrenergic nerve elements with electron microscopy (Tranzer and Thoenen 1967) . It is generally accepted that the microfilaments in the myoid cells bind heavy meromyosin are actin-like in nature (Toyama 1977) , and therefore, the staining of the myoid cells with actin antibody using the indirect immunoperoxidase technique was performed. Cryostat sections (10 pm) were fixed for 5 min in acetone, incubated for 60 min at 37°C with the specific antibody to highly purified actin from Physarum as an antigen, washed for 10 min in PBS, and then incubated for 60 min at 37°C with HRP-conjugated goat anti-rabbit immunoglobulin (Miles). The peroxidase was visualized using 0.2 mg ml diaminobenzidine. Silver staining of nerve fibers of testicular tissues was performed according to the Gros-Schultze's method (Sano 1981). Electron microscopic study was performed as follows. The rat was pretreated intraperitoneally with L-DOPA (100 mg kg, 2 hr before killing), followed by 5-hydroxydopamine (300 mg kg, 1 hr before killing). The rat was anesthetized with Nembutal and perfused though the abdominal aorta with 2° paraformaldehyde and 2°F ig 2. Responses of the in vivo rat seminiferous tubule to perivascular nerve stimulation with A.C. (50 Hz, 3 V, 5 sec) in the presence of various blockers. c, control ; A, in the presence of phentolamine (106 g/ml) ; B, in the presence of prazosin (10-6 g/ml) ; C, in the presence of propranolol (10-6 g/ml) ; D, in the presence of yohimbine (10~' g/ml), and in the presence of yohimbine (10-' g/ml) and propranolol (106 g/ml) ; E, in the presence of phentolamine (10J6 g/ml), propranolol (10-6 g/ml) and neostigmine (10-' g/ml). Lower traces indicate the duration of nerve stimulation. Fig. 1 are the ITP and the response of the isolated rat seminifeoous tubule to acetylcholine and noradrenaline.
RESULTS

Illustrated in
Both of them produced a contraction of the seminiferous tubule which was dose-dependent. The maximal response observed for acetylcholine and noradrenaline occurred at a dose of 3 X 106 g/ml and 10-6 g/ml, respectively. The maximal response of the seminiferous tubule to acetylcholine was larger than that observed with noradrenaline.
In each case, maximal contraction of the seminiferous tubule was , hexamethonium (10_4 g/ml) or botulinus toxin (10-6 g ml); B, 1, in the presence of tetrodotoxin (10-6 g/ml) ; 2, after tetrodotoxin was washed out of the bath and contractile response to nerve stimulation recovered, bretylium (10-6 g/ml) was added into the bath ; 3, after bretylium was washed out of the bath and contractile response to nerve stimulation recovered, clonidine (10-6 g/ml) was added into the bath. Lower traces indicate the duration of nerve stimulation.
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reached in approximately 2 minutes after addition of the drug. In the presence of atropine (10_5 g/ml), acetylcholine failed to produce contraction of the seminiferous tubule at the concentration of 10-6 g/ml. However, hexamethonium (10-4 g/ml) had no influence on the response to acetylcholine (data not shown). The contraction elicited by perivascular nerve stimulation was easily attenuated to relaxations by a-adrenergic blocker phentolamine (10-6 g/ml) or c 1-adrenergic blocker prazosin (10-6 g/ml) ( Fig. 2A and B) . This contraction was enhanced by /3-adrenergic blocker propranolol (10-6 g/ml) or a2-adrenergic blocker yohimbine (10-' g/ml) ( Fig. 2C and D) . The response was however abolished completely by the presence of phenotolamine (10-6 g/ml) and propranolol (10-6 g/ ml) (Fig. 2E) . Furthermore, no response of the seminiferous tubule to perivascular nerve stimulation was observed under this condition even in the presence of neostigmine (Fig. 2E) . The contraction elicited by perivascular nerve stimulation was not influenced by atropine (10_5 g/ml), hexamethonium (10_4 g/ml) or botulinus toxin (10-6 g/ml) but was abolished completely by tetrodotoxin (10-6 g/ ml), bretylium (10-5 g/ml) or a'2-stimulator clonidine (10-6 g/ml) ( Fig. 3A and B) . Fig. 4b shows the myoid cells stained with actin antibody. The non-immune IgO fraction used as control shows unstained seminiferous tubular wall (Fig. 4a) . Fig. 4c shows the silver-stained nerve fibers close to the myoid cells. Fig. 4d shows the stained myoid cell with actin antibody and the silver-stained nerve fiber running within the tunica propria of the seminiferous tubule. Electron microscopic study using false adrenergic neurotransmitters revealed a nerve terminal partly surrounded by a Schwann cell containing the dense-cored synaptic vesicles (Fig. 5) . However, neither adrenergic nerve terminals nor cholinesterase-positive nerves were found in the seminiferous tubules of rats, guinea pigs and rabbits (Risley and Skrepetos 1964; Norberg et al. 1967) . It has been concluded that contractility of the seminiferous tubules is probably regulated by factors other than nervous stimulation (Leeson and Forman 1981) . We offer here the pharmacological and morphological evidence for the presence of adrenergic nerve fibers in rat seminiferous tubules. The mechanism underlying the transport of non-motile spermatozoa from the seminiferous tubules of the testis to the epididymis is not clarified. A number of possible explanations have been offered including ciliary action within the efferent ducts (ZawischOssenitz 1933), active secretion of fluid by the seminiferous tubules (Setchell 1970) and contractile activity of the smooth muscle-like cells of the testicular capsule (Davis and Langford 1969) or lamina propria of the seminiferous tubules (Clermont 1958). Our data suggest that the contractions of the seminiferous tubules induced by excitation of the adrenergic nerves may play an important role in the transport of spermatozoa through the tubules to the efferent ducts leading to the epididymis. 
